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The analysis of the data obtained from the experiments suggests 1
color symbology is significantly better than monochromatic symbology
and figurative is better than NTDS symbology. Specifically, color
figurative (green/red) was determined to be best, followed in order

i . by, color figurative (blue/orange), color NTDS, then monochromatic
‘ NTDS.
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ABSTRACT

This tthesis 1investigates the utility of tigurative
symeclogy tor tactical situation displays. The purpecse was
to determine it nore descriptive symbology~-—figurative
symbclogy or use c¢tf more lLifelike 1images 1o represent
targets--would ephance evaluation of a tactical situation
display, 1i.e., enable 1he user tvo more rapidly assimilate
and evalvate a tactical situaticn display. Basis tor
compariscn was the Navy Tactical Display System (NTDS).
Specitically, experiments used 1in our research 1included
comparisons of monochromatic NTILS, color NTDS, and color
tigurative symbeclcgles.

The analysis of the data obtaired from the experiments
suggests color symbology is signitficantly bvetter than
menochromatic symtolcgy and figurative is tetter <thaan NTLS
syrbology. Specitically, color tigurative(green/red) was
1etermined to obe best, followed 1in oraer by, color
tigurative(blue/orange), color NIDS, themn wmomnochromatic

NTDS.
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I. INTRODUCTICN

A. BACKGROUNI

The vse ot military symbols dates back at least to the
days ¢t Narolecn. wartare has changed concsiderabdly <ince
that era and so have the methods by which the Dbattletield
ervironmert ic¢ graphicaliy portrayed. [Ret.1] The wars of
jesteryear were very lccalized. Battletields were often ot a
size that permitted & commander t¢ view the entire battle
area from a bkilltor vantage point. Unaer these conditions, a
cormander couid track ail ot his activity with a tatle-top
situation display. The geographical area portrayed was
srall, and the number of symbols required to indicate
activity was minimal. Rapid mecvement of wunits was a rare
event, sO0 tfrequent updating ot the display was not a
requirement. Now, with mechanized infantry, armer, missile
and rocket 1installatioms, supersonic aircraft, airmobile
urits, multipurpose naval vessels, etc., the variety of

symbols requirea has greatly proliferatea. [Ref.2]

B. HISTORICAL PERSPECTIVE

"Militery commanders throughout history have faced the
prcblem ¢f contrelling thelr fcerces for decisive application
of military power, with the objectives of echievirg e
desired rhysical action at a rariicular location at a

determined time and c¥ getting in¥crmation bacx abcut the




outcome.  [Ref.& In the first docurented tires of early
“artare, “battle commanders sought a high hill or other
vantage pcint frcm which to view the tattle’s progrecs. They
irvented various mreans of rroviding the cormrunications with
which <t¢ c¢cmmard <fcerces: mirrore, ¢flags, harps, horns,
drums, and even wessengers." [Ret.4] Inforration teedback to
the c¢cmmander was thrcugh direct ctservatvicn and commands
could be issved or reissued in time to direct/redirect
Yorces. As the geograthical score of wartare and the
robility of forces lrncreased, the ability to instrument the
battle in such a way that a coherent picture 6f it could bpe
transmitted to a remete ccmmander, and the commurications
necessary to transmit & tirely picture, failed to keep
pace."[Ref.4] Lana force cormanders began lo move ftlags
apovt on charts or send tables, using bits and pieces of
inteiligence 1inforration about enemy disposition and
cperational reports trom friendly torces. Naval commanders
used similar methods, as did Air Detfense cormanders t0 Ury
tc watch and centrol thneir forces. The ccmmander with the
rost accurate and tirely intorration and the bést
ccmmunications te support information flew should be
successful in his pursuit. [Ref.4]

This process ot generating, disseminating, and digesting
icforrmatior obecame an important part of the formula for
sLccess, ¥1th the growlng apretite for intorration came

radar. The air de‘ense commander was no lcnger dependent




upon ground ObSErver or compat patrol rerports for vital
intorration on euery aircratt rosition or ve10city." (Ret.4]
He could determine the location ot friendaly aircraft eand
cculd now see the air ©bvattle coherently and control his
tcrces. (Certainly radar was no panacea for fcrce control
because raaars were not easily relocatea, they were strictly
line-¢¥-<izghv, and eventually tae enemy developed
cepebilities to easily jam the readar. Attempts to first
explcit the radar resulted in manual control centers, One c¢f
the first examples of a manual control center was thet of
the Strategic Air Commaod (SAC,. SAC s mission required the
rest eavanced cormana  and control system vpossible. The
global nature ot SAC s mission made it irperative to meet
ard <cclve problems caused by distance, honcr the need for
clarity anc csecurity of instruction, and keer <track of
thcusande c¢¥ minute detalls. Large display boards were used
to track ali torce activity. Current positions of all enemy
and ¢rienaly units were painstakingly plctted. Large display
panels, mrmounted oa trolilleys, consisted of plastic covered
maps anrd were used by ccmmanders tc direct the force. Battle
staft technicians rlottied new intorration omn these charts as
it tecame availatle. {(Ret.% Later a switch was made tc
iransparent illuminaved plastic disprlay areas where reverse
pletiing could te accemplished and would not ctstruct the
view of the force 4irectors. This system cf plotting display

boards is still used today. This system servea its rurtose

[
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well; however, it was <low ana cumbersome. Since it
rerresented the apogee of a rmanval system, autorated
ascistance was imperative. [Ret.5]

Ia the late 1942°s tvaere was a Rlack Box  arproach to
ccmmand and centrel requirements. Equipment was developed
anaq rroaucea tor speciric arplications and little or no
ccrnsideration was given to environment. Sccn black ccxes
were beling designed to interface with black boxes, but the
real treaktnrcugh came with the advent c¢¥ the ccmputer. Now
the radar systems could be tully exploited. The computer
cculd imprcve the ccherence ct the radar rpicture ot the air
pettle by performing many of tke processes which humans had
been doing impertectly. Calculation ct heading and sreed,
calculaticn of intercept sclutions, remembering the identity
of many moving targetls—--all ¢t these processes and many
mcre.  The #irst example cf computer application coupled
with radar (1957) was the Air Force’s Seri-Autoratic Ground
Erxvironrment (SAGEZ} system. This system was a netwerk of
radars with communications ftor connecting and cross-
ccnnecting radars te regional control centers and the North
American Air Defense headquarters. [Ref.t

“At the teginning ct the 146@°s, a committee examining
ccmmand  arda  control concluaed that the capabllities of our
weapon systars haed outstripred our abvility +to comrand and
contrel them. Survivatle ccmmand centers and rapid,

redundant means ¢t comrunications weére being required, with
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SAC and the Air Deftfense Command leading the way." [Ret .€]
Adaitionally, other developments affected force management.
The size 0% a contlict area had clearly exranded beycnd
line-of-sigkht and over-the-horizon. Weapons had greater
range and capatility Sensor <coverage and capabilities
overlapped and required coorainetion for effective use. The
coherence ot tforces derpended almost entvirely on
cemmunicaviorns, data processing, and cther electronics
related functions. Almost concurrently with this surge for
rcre comrana and control capability came the technoliogical
revclution. Rapit1 technological adveances rade a significant
irzact on the develcpment and application of detense related
systems.

"By the mid 1960s, we haa learned several hard lessons.
€8 systems coutld not be acquired like weapocn systems. They
hsd to evolve with continuing user participation.” [Ref.6]
It we take a mcment to stop and review C3 evolution, we
reccgnize that an integral part of good effective C3 is the
centrcl of information. What a great information precessor
the computer was to bpe. However, there still existed a
rajer stumbling bdlock--detining information needs. Mcdern
comruters and cormunications make it possible to retrieve
and/or frocess an almost infinite amount ot intorration.
But, tcoc much ianfcrmation in the system causes great
ccugestion, and <tco rmuch detail camn contuse the decision

makers anra waste time atv a critical peint. In spite o% these




dangers, the reduction or elimination of validated
irfcrmaticn requirements continues to be exceptionally
4ifficult. [Ref.6] This process of information distillation
or informaticn ccmpression bclls dewn te what does the
commanaer really needa? This simple question gives rise to
rany areas that aftfect ¢the multi-faceted spectirum of
military operations. It became obvious that we needed a
system tor aralgamating all intormation inruts and providing
ccmmanders with an informavion display system than was
gasily evalvated. Cne aspect of this irnfcrmation display
system - tactical situation displays - is addressed by this

thesis.

C. PURPOSE

Curing our C3 Exércise Laboratory (0S375@) class at the
Naval Postgraduate School, the authors of <this rpaper
participated in a series o¢f experiments which attempted to
reasure whether or not information processing tasks could be
enhanced by rreseatation ot intormation in color versus
rcnechromatic. These experiments confronted subjects with
static navel tactical situation displays. Results of these
experiments 1indicated an imprcvement 1in perfcrmance when
using color alsplays. As a result of our rarticipation 1in
these experiments, several questions developed regarding
symbology for targets. We thought the target symbtology used
was dirficult tvo immeaiately recognize, Srecitically, these

experiments were based on the Navy Tactical UDisplay System
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which wuses symtology consisting of circular, square, aand
rhembic shapes te depict targets. Also, we considered that
symbols could te tailored to provide more inftormation. The
avthors experience witn military symbels indicated that the
geilly or constant user of tactical situation displays is
able 1o aaapt to the wuse ot non-tigurative or abdstract
symtclcey, e€e.g., NTLS symoois. Use c¢f these abstract
synbols has teen necessitated to date because of equipment
limitavticns. However, with the advance of technolcry,
particularly in the areas ot computer driven raster scan
devices, it 1is now pcssible tc tallor symbology tc provide
rore informetion 1in a concise manner. ¥ith this
otservation, we postulated that assessrent of a tactical
situation display may ©bve further enhanced using color
tigurative symtology. This <thesis (tocuses om improved

ictormation content for tactical displays.

ninaifien sttt " i kG oot .




II. DESCRIPTION OF EXPERIMENTS

Experiments were conaucted to te€st the 1null hypothesis
tkat there {s no difterence between NTDS symbclcgy and
tigurative symbology. Ve speculated that descrirptive
symbolcgy would enhance evalvaticr of a tactical situation
display, i.e., enable the uvser to more rapidaly assimilate
and evaluate a tactical sitvavion display. Adaditionally,
the experiments again addressed the issue of whether or not
color enhances a subject’s  ability to assimilate
information. This 1issue was expanded tc include an
assessment of green/rea/white versus blue/orange/white to

indicate friendly/hecstile/unknown forces.

A. DEFIMITIONS

In the context of this parer, references 1o NTDS
symbology are those symbols wused in the NTLS system,
particularly as used in the Warfare Enviromment Simulation
(wES) game. Circular shapes rerresent friendly forces,
rhorbic shares rerresent hostile torces, amd square shapes
represent forces of unknown allegiance (Figure 1).

Morochrcratic NTDS displays reter tc dispiays wherein
the red &nd blue electron guans on the graphics displeay
device were aisatled. This resulted in a display with a

green background and white symbology.

R WP

- —— e - -




Color NTLS symbology retfers to the color symbology used
ir the WES game. The WES game uses blue 1o indicate friendly
torces, orange t¢ indicate hostile torces, and white to
indicate forces ¢t urkncwn aliegiance. Use c¢f cclor with
NTDS symbology results in redquandant coding of the symdbols
alleglance.

“Figurative  symbology refers to lifelike shapes--actual
shares that look like ships, rplanes, and submarines used 10
represent targets (Figure 2).

Color tigurative (blue/orange) symbology reters to the
symbolcgy develcped by the authors. The colors (tlue,
orange, and white) ratch those usea in color NIDS and have
the same meaning.

Color figurative (green/red) symbology uses the same
syrbols as develored tor color tigurative (blue/orange) but
uses green to represernt friendly forces and red to represent
hostile ftorces. White again rerresents unknown forces. Use
of green/red/white tc represent friendiy/hostile/unknown
torces was recommended by the auvthors ot GRAPHIC DISPLAYS, A
EUMAN ENGINEERING GUIDE KOR USING CRT COMMAND AND CONTROL
DISPLAYS. (Ret.7?]

“Mcde” cr “Treatment” refers to monochromatic NTDS,

color NTDS, or color tigurative disrlay techniques.

B. TDTESIGN
Two experiments were desigpned. Thelr objectives were:

1. To ccmpare response reactions to mcnochromatic

17




NTDS displays, color NTDS displays, ana color figurative
displays.

2. Tc compare subject’s atility to recreate a
tectical disrlay from merory.

1. Experiment 1

This experiment was designed tc test and compare
reaction tires to monochromatic NTDS displays, color NTDS
displays, color figurative (olue/orange) displays, and color
tigurative (green/red) displays.

In this experimert, fcur sets o0f <¢ive tactical
sitvation displays were used (Appendix D). Specifically,
tLese displays were composed o¢ land masses, sea, geographic
coordinates, and targets oriented around the aircraft
carrier Enterprise(ENTER c¢n displays). Each of the five
displays had a diftferent comyosition of targets and varied
ic complexity frem display 1 (Y symbols) to display 5 (27
symbols). The ftive displays in each mode were shown in
rarndom order. The mcnochromatic NTLS displays vwere exact
duplicates of the color NITS displays except that the red
and blue electrcn guns were disabtled. The color figurative
aisplays were mimicks of the NTDS aisplays, i.e., displays
were replicated in all particulars except that f{ligurative
symbology was presentea instead of NTDS syrbology. To
present the displays and query the subjects, a software
routine that had been developed by LCDR Ellen Roland for the

0S I75¢ class exrperiment was adapted for this experiment.
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The rechanics of the experiment had each subject
view tour moges ot tactical situation displays:
ronochromatic NT2S, color figurative(blue/orange), color
N1DS, and color ftigurative(green/rea). The test was
administerea tc tcur grcupsi €sch grcup contained <six
subjects (Arrenaix A4). Crder of mode presentation was
determined oy the subject’s group {(Appendix B). Each mode
contaiased tive 1tactical <situatiom distlays as previocusly
descrived. Witkir each mcde, order of presentation of
aisrlays was ranpndorized to insure the subject received the
displays in varying order cf complexity for each treatment.
Zach display was accompanied by six questions (Appendix C).
The questions appeared at a termiral that provided immediate
feedback. This terminal was separate fror the device used
to rresent the tactical situation displays (Figure 3).
Questions required thet subjects evaluate the display
regarding syrbol type (aircratt, ship, or submarine) symbol
allegiance (zriendly, hostile, cr unkmown) cr both (type and
allegiance). (Questions were repeated until the subject
responded correctly. Total time until ccrrect response was
recorded for each question. The measure of effectiveness
used fcr evaluaticn c¢¥ +the displays was total time to

ccrrect response for each question.

2., Exrperiment 2

The second test invoived presentetion of either a

mropochromatic NTDS disylay or a coior tigurative (green/red)

ly




display fcr £¢ seccnds. Subjects were then asked tc attempt

tc reproduce the tactical display from merory. The display

was ar exact replicaticn ot display nurber twe used 1in

experiment 1. The display haa eighteen targets with the
Ianterprise in the center as a retference,

Prccedvrely, each subject was shewn the display and
then frovided & rap (Figure 4) that had target locations
marked. Individvals were asked to identiry target type and
allegiance. Scoring was accorplished by awarding one point
fer correct ldentil'icaticen ¢f target type and one pcint for
correct allegiance. Maximum totel roints was thirty-six.

The test was administered to two groups, each with
twelve subjects (Appenaix A). The subjects were the same as
those that particirated in experiment 1. The groups were
rendomly structured with no specific criteria of tactical

display experience.

C. SUBJECTS

Twenty—tour students ot the Naval Postgraduvate School
vclunteered as subjects for the experiments. All twenty-four
were military ofticers, 1@ trom the Air Force, £ from the
#arine Cerps, 7 frcm the Navy, and £ from the Army. Three
¢t these subjects had extensive jrevious experience with
rilitary display systemrs; seven had mcderate and Ycurteen
haa little or no previous experience. ¥ive had previous
NTDS experience. All sutjects were part c¢¢¥ the Command,

Centrol, and Communications curriculur.
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Subjects were divided intc four groups c¢f six each. This

grouping aetermined the oraer of presentatior of moaes.

g Subjects were rlaced into grours according 1to levels of
i

; tacticael situetion display experience. Pach group had a
relatively egual mix o¢f experience levels to mirimize
biasing due to previous experience. The order of mode
; ' presentaticn (Appendix B) was chacged £fcr each grcup te

i rinimize confounding due tc iearning effects.

D. APPARATUS

Eech of the subjects was tested vusing a CONRAC video
aisrlay (Figure 3) ftor projecting the tactical disrlay.
Ac jacent to the videc screen, subjects were seated in front
ot an Agn aArbur terrinal (video and keyboard). This
equipment 1is lccated in the Command, Control and
Communications (C3) Laboratory at the Naval Postgraduate

| Scheol.

E. PROCEDURES

At the start ot each trial, subjects were briefed on the
purpose ana extent of the experiments. Each was acquainted
with both NTDS and figurative symbology. Also, the details

of question tyre, adisplay ialosyncrasies, and potentieal

stumbliag blocks were exrlained. G(Questiomns addressing the
tectical situation aisplays were presented on the Ann Arbor

terrinal. Subjects resprondea 1o questions by derressing the

! cerrect aumber key fclicwed by a carriage return. I¢ an

! 21

H 1 Y T - -
- a




incorrect response was rade, the question would be repeated
urtil 1t was answered ccrrectly. When correct, the next
question would be displayed. This cycle continued <through
each display and subsequent mcde.

Environmentally, subjects were tested in a darkened area
with sutficient 1lighting +to easily read and recognize all
displays. Levels of 1{illumination t0o 1inclilude ©brightness,
contrast, arcd color were aajusted on the graphics terminal

ir order to standardize each trial as nearly as possible.

F. ASSUMPTICNS

Due to resolution limitations of the Genisco graphics
device, the size of the tigurative symbols did not precisely
match tae size of the NTDS sympcls. However, the slightly
larger size ot the tigurative symbols contridbuted to a more
cluttered display thar with the NTLS symbols. These were
assumed to be counter-balancing tactors.

Also tecause of equipment resolutican limitations, no
attempt was made to develop figurative symrbology 1in a
mcrochromatic mcede. ¥e assumed that our experimental
results would again show that color displays were superior
to monochromatic thereby termitting comparisom of color
Yigurative versus cclor WNTDS.

The measure of eftectiveness (moe) ftor exreriment 1,
i.e., subject response time, may not te the ideal methed for
evaluating tactical situation display presentation

techniques, However, response times are measurable
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quantities that can be statistically evaluated. Considering

theat time to enalyze a tactical situvation, i.e., locate the
S

~=

emery, 1s an imrrogtant wmilitary consideration, wuse of

response times as #n MOE was assumea to be appropriate.

.




- = e o e o o o

+
[}
1
|
!
1
]
|
1
| %]
i =
1] o
| m
| b
] -
| 0
|
1 —
[] (7] (]}
) £ — A
] [ o . 1
[} = o i
] ~ E
1 >
§ 3 N
] [£2] l
] [Sad 2] i
| n £
| L) | & M
| (%] =3 = 1 ! =z A
3 | 5] (5] (5] t N
1 I L) «q L =] )
] g = =y [£2] =y = = .
1 A (5] [+ (&] m (&} [+ — i
{ (=¥ - jon] - fon] - o}
75 <] [(75] By w F=y 75] = !
— (24 [+ <] m [a-1 =] [22] ~ xi m [} - i
e — fou) o) -4 D 0o — o] =) | o
i - [72] %] -« (%] (72} - (%] v ! D '
| -3 [
< 1 2y
(&3 b b ) |
— =] %] = | = -3 =
et (=] (& (3} = = =
(5 = 2 -4 b b b (@] Qo o
g 7] [25] [£5] & 3. x = 2 =
[ —— " — x4 = = bt el d
) ~ 2] [+ =2 -4 2 = b4 = i
t P = txq zq fel =] (2] =] o} o] |
-
B
=




$IGURATIVE SYMEOLS

FRIENDLY AIR
(BLue/Green)

FRIENDLY SURFACE
(Blue/Green)

FRIENDLY SUBSUR:ACE
(Blue/Green)

ENEMY AIR
(Orange/Red)
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ENEMY SUBSURFACE
(Crange/Red)

UNKNOWN  AIR
(White)

UNEKENCWN SURYACE
(white)

UNKNCWN SUBSURFACE
(white)
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YIGUREZ 2. PFigurative Symbols
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I1I. EVALUATION

A. DATA CCLLECTICN AND REDUCTICN

For experiment 1, the subjects’ totael respronse times for
each aquestion were rrocessed by a corputer program and
writter inte data files. Thkis data was ther consclidated
into & rore reaiable format. Arpendix E contains response
times brcxken dcwn by treatment, question, arnd subject. In
SOr.€ cases, subjects had aifficulty urderstanding the
juesticn., This resulted in aa uvnusually hizh resronse time.
Tce minimize this c<kewing effect, thecse tirmes were discarded
in the tollowing manner: the groufp ream tor the other (ftive
stbjecte was calculated and inserted in place of the higher
tire. In Arrendix E these subsiitutions are shown in
parentheses next tc the original respcnse time.

hNext, the data were further aggregatea into the three
categeries of questions (type, allegiance, o~ both) by
adding the response times tor questions of the same category
(Figure ) and tnen dividing by the number ot questions that
were aaded. This resulteda in a mean response time per
question and category. These adata are shown in Appendix 7,
Tecle V in conjunction with means &nd variences computed by

arovp, question, disrlay and treatrent, {Questions are shown

ip Aprendix C.




— ———— e

+ - o o o s o e - — +
t ] ]
| ] ]
! DISPLAY ! QUESTION CATEGORIES :
| | e o o e o e o o O T e - - —— i
! | 1
Poo# ; TYEZE 3 ALLEGIANCE 5 BOTH 5
PR C T E
i 1 { 1 : 2,6 i 3,4,< |
! : | ! |
b2 ' 1,4 | 2. 8,8 | € :
: : | ! |
! 3 ! L ! 2,5,4,6 { 1 |
i | | i i
: 4 i S g 1,3,5 5 2,4 5
1 ] | ] |
: g : 1,6 : 2 : 2,4,5 !
: | ' i |
o e . = = T ————— - - - - -+

Figure £. Question Categories

For experiment 2, each sutject’s map was sccred by
awarding one point for correct identification of symbol type
ard one pcint fcr correct alleglarnce. Maximum sccere was
eighteen in each category for a total of thirty-six points.

Arpendix G shows the scores.

B. CALCULATIONS CF MEANS AND VARIANCES

Aprendix ¥ ccntains the wmeans and variances otf the
subjects’ respcnse times. Table V shows means and variances
ty group, gquestion, display ana treatrent. Table VI
ccrtains the means and variances by question, display and
treatment. Table VII shows the overall means and variances
by question and treatment. Finally, Tacle VIII contains the

crand reans and variaences by treetment. Means and varlances




were calculated by using the fertran computer program listed

in Appendix H.

C. ANALYSIS OF

t+1

XPERIMENT 1

The anailysis of data was aone in 1two Dparts. First,
sirple mean ana variaace statlstics were calculated and
examined. Then, analysis ct variance (ANCVA) [Re#. €] was
used to test tor signiticacce ot the individual tactors and
tc estimate the ettects c¢f the aifferent levels of <the

facters.

1. Comparison Ot Mean Response Tirmes

Comparison of rmean response times cannot be
ccnsidered statistically conclusive because ot the large
variances invclved. However, ccmparison ¢t means can give
one insight into how subjects’ pertormances were attected by
display <treatments. Fcr example, consider Table v,
donochromatic NTLS Display # 1. Subjects 1-6 (group A) were
shown this display treatment *irst, while subjects 7=-12
(grocup B) <caw it last, subjects 13-18 (group C) saw it
third, and it was the seccnd display treatment fecr subjects
19-24 (grour D). The improvement of group mean times for
questions reterring to symbolL tyre, grour A-16.33 seconds,
Zroup L[-12.€7 secondas, group C-1<.20 secondas, and group B-
11.5¢ seconds, wculd seem to 1indicate the rresence of
learning ertfects. Likxewise, <consider Table V, Color NTDS

Display # 1. Craer ct presentaticn was group C (#irst),




group B (secona), group A (thira), eanda group D (fourth).
Yean tires tor allegiance were (C-6.82 seconds, B-6.67
seccnas, A-£.7% seconds, a&and I-4.¢ seconas. Again, the
rresence ¢t learning ertects is indicated. Exaripatvion of
the means ¢ty groups and displey for the sare treatment
indicate iearning ettfects for the majority ot the displays
and questicns.

If irproverent in response time is due solely to
learaing ettects, than one would exrect 1o see an
irproverent in the same group’s mesn times depenaent only on
order of treatrent. Consiaer group A’s fertormance on
display number two. Group A first saw daisplay two in
ronochromatic NTDS, tollowed by color tigurative
{plve/orange,, color NTDS, ernd finally color figurative
(green/rea). Grouyp mrean times for tyre were 2¢.33 seconds,
1¢.17 secends, 12.2% seconds, and 1€.17 seconds. Likewise,
consider gTOur C on display nurder four. Order of
treatments was ccler NTDS, color figurative (green/red),
ronochromatic NTDS, ana <color tigurative (blue/orange).
Meen times fcr type were 17.17 seccnds, 11.67 seconds, 12.67
seconds, and 1¢.5¢ seconds. In the majority ot displays no
clear trend ot imprcvemert is evidenced. This suggest$ that
irproverent in respomse times is wnot based simply on
learning erfects.

Since for each aisplay ana treatrent, each grouvp sawv

the aisplay at a aifterent point im their trials, the means
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by question , aispley and treatment should tend to smooth
learning ettects of the groups. Tabie VI contains thae
overall means oy question, aispley and treatment. For
display ocne, ronochrormatic NTDS haa the slowest mean
response times in all three question categories. Also for
disrlay one, color rigurative (green/red) had the best times
fer questicns retferring tc symbol type and both, ard color
NTDS bad the third best rean times tor type and both. Mean
respcnse times fcr questicns referring tc alleglance vwere
essentially the same tor the three color treatrents ftor all
displays. Further examinatior sncws that monocchromatic NTDS
had the slowest rean response time in every case except oune,
Cclcr figurative (sreen/red) had the best tire for questions
reterring to symbol type in every case except tor omne.

Next, the cverall means by question ard treatment,
shown in Tatle VII, were consideread. Now a clearer picture
tegins to emerge. Colcr figurative (green/red) is best in
every category of question. For questions reterring to
symbecl type, 1t is 1.4Y seccnds better than color figurative
(blue/orange), 4.2% seconds better than color NTDS, ana 6.33
seconds better than monochromatic NTDS. For questions
referring to allegiance, it 1is ©.18 seconds better than
ccler figurative (blues/orange), ©.61 seccnds ovetter than
color NTDS, and €.97 seconds better than ronochromatic NTDS.
Fer questicns retferring te tota, color figurative

(green/red) 1is 2.8 seconas better then color figurative




(blue/orange), ©.8Y seconds petter than color NTDS, and Z.Z27
seccnds tetter than monochromatic NIDS. For all categories,
coclor tigurative (green/rea) is btest, tollowed in order by
cecler ¥igurative {tlue/crange), cclcr NTLS, and
ronochromatic NTIZIS.

Firally, the grand mean for all grcups, questions
anda alsplays by treatment were calculated. As shown in
Tatle VIII the crder ot test respcnse times was the same as
shown in the precedaing paragragh. Wwhile these rean response
tires have been used to gein insight into the subjects’
perfermances, they carpnetl Dbe considered statistically
concliusive because of the variaances involved. Also, etfects
such as learning, displey aifficulty, and previous
experience are not consiaerea. Therefore, a statistically
rigorous procedure, analysis of variance, was performeda to
allcw these other totentially important eftects to be

ccnsidered.

2. Analysis of Variance

a. Bypothesis
We hypothesized that figurative symbology would
irprove orerator target recognition times. The experiment
ntll hyrothesis was:
Ho: M1 = MZ = M2 = M4
where M is the mean question respcnse time and 1-4 represent
roqes morochromatic NTDS, color tigurative (blue/orange),

ccler NTZS, and ccler figurative (green/red), respectively.
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The alternate hyrothesis is implied--the rean response times
Yer the respeclive modes are diftferent.

In aaditicn to testing our basic hypothesis, we
Yelt it was irrortant 10 test for signpnificance of
roae/aisplay tyre interactions and mode/question type

interactions.

b. Model

Analysis o0t variance considered the modeil:
Y{s,d,q}=M+bX1+bXZ2+As+Bd+Cg+I1sd+I1sq+Ildq+Rsdg

where Y(s,d,q) would represent the response to the qtha
question, dth display, arnd sth mode. M is the mean response
tire; bXl1 and bX< represent the two covariables learning and
experience; As 1s tne main erfect due to mode; Bd is the
raja eftect due 10 display aitticulty; Cq is the main eftect
due to questicn tYormat; Isd, Isq, and 11daq represent
interéctions fror the main ettects; and Rsdq is the resiaqual
term. The ccvariaoles apnd the tactcers, display and
question, were includea in the model because of our bvelief
that each would atfect the response time. Thelr irpclusion
in the model allows for a reauction of the error variance
raking tests ot the hypothesis ¢t interest mere valid.

In pertorming the analysis ot variance we
cempiled the data frcm the twenty tour sutjects and lcaded
the data into a file on the Navel Fostgreauvete School IBM

2¢33 coerputer. The data were loaded into a matrix (144€x5)

“
v4




- .

l
'
|

with informetion 1including specific resronse tvimes to
guestions, wrode type (4 Llevels), disrlay difticulty (£
levels), question format (3 levels), learning covariapole,
ana the exrperience covariable. The APL rrcgram, ANOVA, was
used 1o calculate the sums of squares, mean squares, degrees
ot freedom, and the f statistics. The APL rrogram allowed
us to first construct the full model as illustrateq
rreviously and then requce this model. With each successive
reduction, we& were atle tc eiliminate a porticn cf the full
rodel, test ar bhkypothesis, and determine how much effect
cach indiviaual tactor coantributed 1o the overall model,
i.e., how much variability cculd be atiridbuted 1o individuel
tieces.

This model was analyzed to describe all possible
elements of variapility. The following ANCVA table (Figure
6, dissects the model, 1illustrating +the <contripbutions ot
irdiviaual factors.

The signitricance levels ot the tactors in this
rcdel make it possible to reject tne null hypothesis:

Ho: M1 = M2 = M3 = M4

Having estavlished that the main effects of the
rogel are significant, we can continuve to examine the model
t¢c explain which mode rresentatvion was best, which display
was easiest, and draw scme ccnclusicns abocut question

zategories.
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Figure €. ANOVA Results




Farareter estirates (Figure 7) were supplied as
a4 ty-prerduct ct¥ the APL prcgram vsed. Ccef¥icients for each
rece, each display, and each question are noted. The

cef¢icients in each c¥ these groups have been normalized.

(@]

Syeciticaily, the last element in each of the groups 1is
zerc. All <cther elemerts ¢! the respective groups are then
corpared to this zero value. To evaluate these parameters,
each wds compared tc¢ tae nermalized value.

analysis of these vparameters 1indicated that
celor symbology aid signiticantly cetter than monochrormatic.
Stecifically, the green/rea figurative symbology performed
test, Cn the average, questions involving monochromatic
4ispiays tock £.Z2 seccnds longer t¢ answer than dia those
using figurative greea/red symbols. (As ipdicated earlier,
guestions used fcr each rode presentation were the same.)
Additvionalliy, guestions of color NTDS disrlays took almost 2
seconds longer and questions of figurative blue/orange took
.78 ot a second longer. As a surmary ccmreat, the
figrurative symbclcgy yielded significantly better results
than did monochromatic NIDS, but was only a moderately
better perfcrmer when coler was added. However, it aid
ouvt~rertorm the NIDS symbology.

In reviewing the aifficulty o¢f aisplays, the
review of tne parareter estimates inecicateés that the easiest
display to recpond tc was display cne (nine targets). The

rest qirticult ¢isplay was display three (iwenty-one




targets). This result seemed somewhat inconsistent because
1isplay three a¢id not have the most targets. However, this
disvrlay did have highly clustered symbcls, with seme
overlappirg, which made irdaiviaual target discrimination
rore ditticulit. The otaer disyplays ranked in order ot
dizticulty according tc number c¢f targets.

As an added observation, the parameters for each
0¥ the <cc-varianles (Figure 7) is consistent with expected
resvlits. Coefficients are negative, which inaicates that an
individual with more tacticali display experience will answer
questions more quickly. Also, es ipdividuals were
rrogressively expcsed 110 each of the modes, learning

cccurred end responses were quicker.

+ - R S +
i I
H 1
) PARAMETER ESTIMATES i
| |
| s
i Monochromatic 5.514Y |
{ Color Figurative (B/0) g.7787 |
| Colcer NTDS 1.91¢4 |
i Color Figurative (G/R) 2.9 |
i !
i 1
{ Display 1 -3.1611 |
i Display 2 -1.2862 |
i Disrlay 3 2.9232 |
! Tisplay 4 2.9427 |
i Displey 5 2.9 I
1 i
} |
{ Experience -2.61¢¢ |
{ Learning -1.3499 |
] [}
R S ———

Figure 7. Parareter Estimates
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c. Summary 0Of Aralysis 0f Varlance

Two specific observatvions can be made about
Ixyperirent 1. First, dadition of color 110 symbols
significantly imprcvea response times to questions épbout the
situation disrlay. Secona, tigurative syrmbology pertormed
better than NTIS symbelcgy. Althcvgnh the prcporticnate
increase is not as great, both sets of color figurative
symbclegy perfcrmed better than NTLS. The test pertcrmer was

the color tigurative (green/red) mode.

D. ANALYSIS OF EXPERIMENT Z

1. Comparison of Mean Response Times

The respcnse scores are shcwn in Appendix G. Means

and variances (for n-1 degrees ot treedor) were computed.
Mean response scores for guestions referfing tc type were:
monochroratic - 13.92 and color tiguravive (green/red) -
14.17, Mean scores for allegiance questions were:
ronochromatic - 12.42 and tigurative - 13.98. Mean total
scores were: monochrcmatic - 27.33 and flgurative - 27.25.
Examination of the gean scores indicates no difterence in
performance tetween the twe treatments. To confirm this
observation, an anelysis of variance was perforred.
2. Apailysis Of Variance
a. BHypothesis
In this experiment we again hyrothesized that

figurative sympology would do better than NTDS symbology.




The experiment hypcthesis was:
Ho: M1 = MZ
vhere M is the mear response score for sutject’s ability to
reproauce targets from a limea aisplay and 1-2 represent
rodes monochromatic and color tigurative (green/red).
b. Analysis Of Veriance

In coing the analysis om this experiment, we

ccnsidered the mrceael:
Y(d,q) = M + bX1 + Ad + Bq + Idq + Rdg

wnere Y(d,q; wculd represent the score ot subject; bXl 1sv a
coveriable rerresenting experience; Ac i1s a rain eftect due
tc mode, moncchrcmatic or coler figurative green/red; Bg 1is
a main eftfect due 10 question type, either a tyre target
questicn cr an allegiance questicny and Rsd is the residual
term.

Analysis was accomplished with an APL program,
The aata were loaded into a matrix (48 x 4) with intormation
including specitic sccres of individuals, mode, question
category (type or allegiance), and an experience covariable.
with the APL prcgram, we were able to structure an ANOVA
rodel and them, through successive reductions ot the model,
we were able 1o determipne contributions c¢f individual

effects to the total variablility within the model.

49
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Figure 8, ANOVA Results

~

Figure &8 contains the ANCVA table which
indicates that ncne o¢¥ the ef¥ects within this model were

significant. The null hypothesis cannot te rejected.
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IV. DISCUSSICGN AND CONCLUSIONS

A. CONCLUSICNS

This researcn etfort was directed at determining the
utility of figurative sympology for use in tactical
situation displays. Results ot exreriment one contirmed
the aavantage ot using cclcr versus monochromatic displays.
Adaitionally, the advantage ot using tigurative versus NTDS
symbtols was demorstrated by e€xperiment one. whereas
experiment cone aadressed tasks involving speed ot target
reccgniticn, we conclude that vuse of color ¢figurative
symbologies in military tactical situation displays merits
turther investigation.

Experiment 1i1wo addressed wutilitvy of color versus
ronochromatic displays 1in tasks involving memory of target
lccation. Results of experiment twec do net support vuse of
color figurative displays 1in situations <that require
remorization ot displays. This result is attributed to the
redundant coding of the NTIS symbclcgy. Subjects had te
rerorize omly symbol shage in order to remember both sSymboi
tyre and aliegiance when viewing the monochrematic NTDS
disrlay. The color tigurative syrbolcey required
remorizaticn o0¢ obcth symbol shape and colcr in crder tc
remember type and ellegiance. One may postulate that the

cclor fligurative sutjects were actually processing more




information, i.e., processing more mental bpits than those

that viewed the monochromatic disrlays. It true, one could
then conclude that the color figurative test subjects had to
gutpertrorr the mronochromatic test sublects in order to

achleve the same mean scceres. Jrurther investigaticn ot this

N

rossibility is lett tor future stuay.

B. DISCUSSICN Cr FUTURE SYSTEMS
Nowhere is the neea tor accurate, up to the minute and
easily comprehensibdle infcrmaticn more necessary then in a

conflict sitvation. Tne ability to sort ovt and interpret

inforration quickly is ot the utrost importance. Because of
the military s large data beses, the amount of information
available 1o commanders is immense. The use of computer
eraphics to display data allows the commander to get maXimum
intcrmation. The high 1information content 4{n & grarhic
dicsplay willi enavle the operatcr to assimilate mcre data
with far less fatigue. Also, the ability to update the data
instantaneously on the screen gives the corrander <the most

current ianformation availavle to aid in his decision-making

As notea previouvsly, symbology used in tactical

!

i

{

{

i

|

j " rrocess. [Ret. 9]
]

! situation displays has been iirited by technology. However,
|
!

the technology now exists to daevelop computer g&raphic

’ dispiay symboiogy that can be tailored to reet srpecitic user
needs. Why nct fully explcit this capability? Althcugh not

o T e T e R TR

iilustrated sreciticaily 1in this —thesis, vpoteatial does
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exist now fcr develcring even more descriptive symbolegy
than was aevelope1d oy the authors. Just visit your local
game arcade and take a close look at the electirenic games.
Trhe level of c=ymrbol detail available in these aevices is
ahead of most current rilitary disrlay systems. To continue
to provide commanders with efficlent daisrleay systems, the
rilitary must take advantage o¢ these advances in

technology.
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APPENDIX A

SUBJECT GROUPINGS

' Ut EXPERIMENT 1 GROUPS '
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GROUP A

First run
Secoend run
Third run
Fourth run

GRCUP B

First run
Seccnd run
Thirda run
Sourth run

GROUP C

First run
Seccnd run
Third run
Fourth run

GRCUP T

First run
Second run
Third run
Fourth

L e

APPENDIX B
ORDER OF TREATMENTS BY GROUP

Monochromatic NTDS

Cclior Figurative(blue/crange)
Color NTDS

Color Figurative(green/red)

Color Figurative(blue/orange)
Cclor NTDS

Color Figurative(green/red)
Monochromatic NTLS

Color NTDS

Cclor Figurative(green/red)
Monochromatic NTLS

Coior Figurative(blue/orange)

Color Figurative(green/red)
Monochroratic NTDS

Color kigurative(tlue/orange)
Color NTDS

{
{
{




DISPLAY 1
Juesticn
Ctvestion
vesticn
Question
Cuestion
Questicn

TDISPLAY 2
Question
Cuestion
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FXPERIMENT 1 CUXESTIONS

Hcw many air units are displayed?

How many friendly units are displeyea?

Hew many enery sucrarizes are disrlayed?

Bow many units are west ¢f the Enterprise?

How mapy enery air units are displayed?

Which quadrant has the largest concentration of
epery uvnits?

How many air units are displayed?

How many friendly units ere displayed?

How many enemy units are in the quadrant withk
the greatest concertration of enery units?

How many submarines are displayed?

How many units are northeast of the Znterprise
excluding triendly units?

How many unknown air units ere displayed?

How many enemy surtace units are displayed?

How many friendly units are displayed?

How many friendly units are in the gquadrant
containing the largest number ct friemdly urles?
How many unknown units are aisplayed?

How many air units are displayed?

How many units are ncrtheast c¢2 the ZInterprise
excluding frienaly units?

How many enemy units are displayed?

How many friendly air units are displayed?

How many enery units are in the quadrant with the
greatest concentraticn of enemy units?

Eow many unknown surface units are displayed?

How many subsurtace units are displayed?

How many friendiy units are displayed?

How many surtface units are displayed?

How many friendly air units are north ¢t the
Enterprise?

Hcw many urcknown units are disrleyed?

How many friendly surtface units are displayed?
How many enery surtace uaits are in the NW quadrant?
How many submarines are displayed?
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APPENDIX

F

EXPERIMENT 1 MEANS ANL VARIANCES

TABLE V-a

MEAN AND VARIANCE BY GRCUP, QUZSTICN, DISPLAY, AND TREATMENT
MONOCHROMATIC NTLS DISPLAY #

SUBJECT

AP AN -

GROUP MEAN
GROUP VARIANCE

GROUP MEAN
GROUP VARIANCE

GROUP MEAN
GROUP VARIANCE

19
<0
21
2z
g3
24

GROUP MEAN

«RCUP VARIANCE
QUESTION ™MEAN
SUESTION VARIANCE

([}

TYPE

£.¢9
39 .20
21.e9
16.20
1£.00
8.00

16.33
€y .87

7.22
17.29
18 .20

g.c¢

7 .00
12.00

11.50
25.19

16.20¢
1e.¢0
8.00
12.09
9.0
17 .00

12.00
14.20

6.00
28 .00
5.00
€ .00
17 .29
17.¢9

1z .67
€7 .47
12.12
4z.11

DISPLAY MEAN
DISPLAY VARIANCE

73

1

ALLEGIANCE BOTH
€.5¢ 6.33
1Z.%0 11.06
14.5¢ g.67
Y.0¢ £.67
1£.80 9.0
1¢.¢¢ 13.2¢
11.83 9.€1
9.17 8.2y
9.5¢ €.33
8.20 4.€7
€E.S0 .33
6.¢0 5.67
€.0¢ 5.0¢
13.5 9.33
g.2:3 6.26
8.47 c.90
8.89 8.29
8.5¢ 9.67
6.20 €.33
6.0¢ 12.67
6.¢¢ 5.0¢
5.90 .00
€.7% 7.28
1.88 6.38
5.50 €.00
6.8 8.00
5.5¢ 5.233
13.00 12.€7
19 .20 13.22
14.¢¢ 9.2
19.28 g.72
31.24 8.91
9.28 7.92
15.99 €.99
12.14
25.€¢



MEAN AND VARIANCE BY GROUP, QUESTIGN,
COLOR FIGURATIVE (BLUE/CRANGE) DISPLaY #

SUBJECT

e G

GRCUP MEAN
GRCUP VARIANCE

12
11

GROUP MEAN
GRCUP VARIANCE

13
14
1<
16
17
18

GROUY MEAN
GROUP VARIANCE

19
20
21
22
23
<4

GRCUP MEAN

GRCUP VARIANCE
CUESTICN MEAN
QUESTICN VARIANCE

TABLE V=D

TYPE

7.00
9.00
€.0@
6 .gg
6.2
€.200

7.29
1.€2

13.¢¢
1£.¢¢
33.¢¢
12 .90
8.00
1¢.00

15.17
82 .17

7.0¢
5.20
7.20
4.29
7.0
€.20

6.@6
1.€0

€.20
6.0¢
4.00
£.00
11.¢¢
Y.00

€.83
6.97
£.75

4.5

DISPLAY MEAN
CISPLAY VARIANCE

DISFLAY, AND TREATMENT

ALLEGIANCE

&.¢0
1g.5¢
9.50
7.00
5.2
5.00

?7.17
5.47

€.50
7.20
9.¢0
Y.00
4.S0
8.5¢

7.42
3.14

5.5¢
3.50
4.00
3.52
4.5@
4.00

4.17
2.57

4.00
3.50
3.0
5.20
5.8¢

4.2

4 .42
¢.84
5.79
4.%¢
7.1
1£.9¢

1
BCTH

4.€7
7.33
7.€7
€.2¢
8.67
7.0

€.89
1.94

5.€7
8.33
€.90¢
14.33
£.99
9.¢¢

€.89
.37

€.33
5.33
3.67
4.67
4.02
€.29

s.2¢
1.15

4.67
4.2¢€
€.00
5067
€.2¢
5.00

5.22
¢.65
€.50
.17




TABLE V~-c
MEAN ANT VARIANCE BY GROUP, QUESTION, DISFLAY, AND TREATMENT

COLOR NTDS DISPLAY # 1

SUBJECT TYPE ALLEGIANCE BCTH
1 7.20 €.00 7.33
2 11.e¢ 5.¢¢ 5.23
3 11.¢¢ 5.00 £.67
4 1£.20 7.00 €.67
5 12.0¢ 5.00 7.33
€ .20 6.50 €.33
. GRCUP MEAN = 11.f £.78 6.44
: GROUP VARIANCE =  7.1p 0.77 2.69
7 1€.20 g.00 €.20
8 £.00 7.00 4.67
9 18.¢ce 6.5 €.67
12 9.00 5.5¢ ?.67
11 €.90 c.00 £.00
12 12.e0¢ 8.ce 15.67
GROUP MEAN = 11.67 6.67 7.€1
GRCUP VARIANCE =  29.07 1.87 16.78
13 8.e¢ 8.e¢ 11.33
14 11.20 6.50 1€.00
15 12.2¢ 4.50 £.33
; 16 13.0¢ 5.5¢ 7.33
' 17 7 .00 12.5@ 4.33
18 9.20 6.0¢ 8.33
GRCUP MEAN = 1¢.00 6.83 7.78
GROUP VARIANCE = 5.6 4.57 7.19
19 £.00 3.5 4.00
20 14.00 3.¢¢ 4.33
21 6 .20 5.90 4.33
22 7.00 4.5 9.6%7
23 17 .2¢ 6.c¢ 1e.67
24 9.08 5.0¢ g.33
GRCUP MEAN = 9.67 4.5 6.89
GROUP VARIANCE =  23.e7 1.2¢ 9.11
CUESTION MEAN = 1. 5.94 7.18
CUESTION VARIANCE =  14.51 2.66 7.€8
DISPLAY FEAN = 7.9
CISPLAY VARIANCE = 12.31




- e

- e ——
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TABLE V-d

MEAN AND VARIANCE BY GROUP, QUESTICN, DISPLAY, AND TREATMENT

COLCR FIGURATIVE (GREEN/RED) DISPLAY # 1

SUBJECT TYPE
1 € .20

2 6.2¢

3 5.00

4 €.00

S 8.¢9

€ 5.20
GROUP MEAN = €.33
GROUP VARIANCE = 1.87
7 y.20

S <.20

Y le.¢e

1¢ 7.29

11 12.00

12 g.e¢
GROUP MEAN = g€.33
GRCUP VARIANCE = 3.87
13 9.0

14 7.0€

18 €.29

16 6.¢¢

17 3 .00

18 € .00
GRCUP MEAN = 6.17
GROUP VARIANCE = 3.77
19 12.00

29 le.00

21 14.00

22 7.00

23 9.20

<4 €.00
GRCUP MEAN = v .33
GROUP VARIANCE = 7.87
CUESTION MEAN = 7.54
CUEISTION VARIANCE = £.€E

DISPLAY MEAN
CISPLAY VARIANCE

ALLEGIANCE

€.00
8.e¢
5.50
€.00
4.2¢
4.00

£.Z8

2.24

11.56
4.t
4.20
3.t
7.20
GQQQ

6.17
8.37

6.5¢
4,30
£.00
5.5¢
4.%0
6.2

5.42
¢.84

4.50
6.2¢
8.50
5.50
10.e¢
6.@@

€.7%
4.28
5.98
.71
6.37
4.91

BOTH

€.33
4,33
3.867
£.33
€.29
.00

£.11
1.290

£.33
4.35
7.0¢
.33
4.20
€.67

.24
1.4€

5067
£.33
5.0@
5.0
3.E7
£.00

4.95
@.46

€.33
4.33
13.00
4.67
8.02
.67

€.83
1¢.79
5.58

.56




TABLE V-e

MEIAN AND VARIANCE BY GRCUP, QUESTICN, DISFLAY, AND TREATMENT

MONOCHRCMATIC NTILS DISPLAY # =2

i SUBJECT TYPE ALLEGIANCE BOTH

i 1 12.2¢ 11.87 €.20

: 2 31.2¢ 14.¢2¢ g.e¢

, 3 17 .5@ 1& .20 5.00

; 4 23.2¢ 2€.€7 1€.90

( 5 25.00 22.23 7.0

{ € 15.5¢ 18.20 13.9@

; GROUP MEAN = 20.32 1& .45 9.33

! GROUP VARIANCE = 56,17 29.76 18.67

' 7 <t .0 12.32 4.00

: & &.00 12.20 €.20

9 14.59 14 .67 y.Qe

19 14.5¢ 8,33 €.00

11 1z .8¢ 9.23 £.00

L 12 13.2¢ 12.22 11.¢¢

GROUP MEAN = 14 .58 11.17 €.83

GROUP VARIANCE =  31.74 8,29 6.97

13 18.¢9 13.2 5.2¢

14 12.5¢ 10.3 ?.00

15 10 .59 11.00 £.30

. 16 9.5¢ 12.¢¢ 5.00

; 17 12 .00 7 .67 £.00

' 18 21.%92 16 .20 £.00
l

GROUP MEAN 13.67 12.¢6 .32
GROUP VARIANCE <4 .47 12.06 2.67

19 9.29 18.€7 .20
20 16.¢¢ 12.¢e 7.2¢
21 17 .50 11.38 €.20
22 z1.29 18.€7 €.20
23 2z.e¢ 22.¢¢e 12.2¢
<4 <2 .00 21.€7 1£.00

GRCUP MEAN
GROUP VARIANCE

17.88 1€.2¢ .33

22 .54 21.25 17.47

CUESTICN MEAN 1€.54 14.51 7.46

CUESTICN VARIANCE 3¢ .L4 24 .27 11.91
CISPLAY FMEAN 12.&4

cISPLAY VARIANCE 28.93




MEAN ANT VARIANCE BY GROUP, QUESTION, DISFLAY, AND TREATMENT
COLCR FIGURATIVE (PLUL/CRANGF) DISPLAY # 2

w
oo
o
[
|23}
D
3

e W

GRCUP VMEAN
GRCUP VARIANCE

GROUP MEAN
GRCUP VARIANCE

13
14
12
16
17
18

GRCUP MEAN
GROUP VARIANCE

19
ce
<1
2<
23
24

GRCUP MEAN

GRCUP VARIANCE
QUESTION MEAN
CUESTICN VARIANCE

wou

u

wu

L T}

TABLE V-t

TYPE

£.20
5.22
7.5
14 .20
21.5¢
€ .50

12 .17
33.87

11.¢9
g.8
i¢.e¢
g .09
9.20
1g.5@

Y .E7
1.17

7.0€
7 .09
€.%0
6.20
€.50
6.50

6.5€
.14

g .09
5.2¢0
£.50
8.00
9.5¢
1¢.5¢

7.7¢
4.6€
E.c4
12.7¢

DISPLAY MEAN
CISPLAY VARIANCE

ALLEGIANCE

7T
LRV

8022
9.3
12 .€7
9.3
8.67

9 .26
4.91

23 .29
12.29
9.¢¢
g.¢9
8.0¢
13.67

12.28
32.8€

9.e¢
5.€7
8.23
6.¢¢
6.67
7.28
6.6%7
1.82

6.6%7

.33
4‘33
€.67
8.33

11.29

7.06
5.58
E.76
14.1¢
7.89
12.¢9

8CTH

€.29
4,00
Y.00
€.29
5.e¢
5.00

.83
2.97

13.0¢
£.29
6.2¢
.20
4.00
€.29

€.50
12.79

4.2¢
4.00
4.00
3.0¢
4.20
£.20

4.0
g.40

4,00
4.00
s.0¢
€.20
€.20¢
12.2¢




TARLE V-¢
MIaN ANT VARIANCE BY GROUF, QUESTICN, DISELEY, AND TRIATMENT

COLCR NTEZS DISPLAY # =
SUEJZCI TYFE ALLZGIANCE RCTH
1 £.2¢2 9.83 g.ckL
< 19.2 €.€7 €.29
3 14.2¢ 7.87 11.2¢
4 19.29¢ 8.€ev 7.2
c 1€.24 & .2¢ £.2¢
8 15.7¢ 7,32 T.LY
GRCUF MEAN = 1&.25 7.9& 7.¢¢
GRCUP VARIaMNCE = & .4k 2.91 4.42
7 13.5¢ 9.2¢ 4,2¢
& 1z .50 €.€7 t.0¢
E] 1£.2¢ 18.2¢ £.2¢
1¢ 11.2¢ 1¢.2 g.2¢
12 12.5¢ 11.¢¢ Y.29
GROUP MEAN = 12.€3 1¢.56 £,33
GRCUP VARIANCE = 3.3 €.cY 4.€7
18 ¢ .29 1€ .22 7.29
14 17 .5¢@ 14.¢¢ e.¢¢
o] 14.2¢ 12 .67 €.20
1€ 14.89 9.3Z £.02
17 21.e¢ 7.0 E.¢¢
1& 1€.50 8.20 1z.082
GRCUP MEAN = 17 .4¢ 11.22 7.32
GRCUP VARIANCE = g€.04 12.%4 E.27
ly 7 .06 €.67 4.00
29 &.20 £.32 £.02
21 9.5¢ 7.¢0 12.¢¢
c<c 158.00 7.38 Y.20
23 11.29 £.20 £.29
4 le.3¢ g.87 €.2¢
GROUY MEAN = 12.17 7.1 €.83
GRCUP VARIANCE = £.8"7 1.28 €.17
SUESTION MEAN = 1Z2.67 9.2z £,88
JUESTION VARIANCE = 12.73 7 .83 4,81
CISPLAY MEAN = Y.9c
DISPLAY VARIANCE = 16.<5
]
- il it




TABLZE V-t

Miah aMD VARIANCE LY GROUP, QUEISTICN, DISFLAY, ANl TRIATMENT

! CCLGR rIGUBATIVE .GREEN/EEILD) uIbPLPV F Z
; SUEJECT {YPE ALLIGIANCE EQTH
' 1 12 .52 12.4¢ 8,¢
‘ P 2.58 9 .67 2.28
; 2 1¢.5¢ 5,67 4,7¢
! 4 E.Le Y.0¢ €.2¢
f c 12 .5y 9 .67 2,20
? 5 9.¢¢ 12.22 5,0¢
GROLF MIAN = 1c.17 y.ze 4,67
GRECUP VARTANCE = 1c.37 1.7€ 1.27
v &Y 11,23 s.q¢
& o .k £.C6 .22
o £.2¢ 7.22 £.20
12 €.5¢ 5,33 4,2¢
11 9.2¢ € €7 a,2¢
12 12 .52 12 .22 7.2¢
SRCUP MEAMN = &.5¢ &£.0¢ 5.5¢
GECUP VA“LA:C = 5.EQ 5.12 .70
12 Y .59 12.23 : =20
14 7.5¢ 7,23 7.2¢
| 15 14.5¢ 9,2 5,20
| 1€ £.50 8.2¢ 4.9
; 17 11.0¢ 1¢.2¢ S.¢¢
! 18 lc Qw 15.32 c.C0u
GRCUP ™ IAN = ©.E3 12.29 2,17
GRCUD VARIAMNCE = 2.7 8,97 7.97
! 1y Y 11.€7 E.20
<2 14 .5 7.2¢2 .20
21 5.5¢ 8 .57 4.¢2¢
2 £ .56 £.33 c.g¢
<3 12.¢2 % .87 7.22
, 24 12.¢¢ 9.¢¢ iy
; GRCUP MIaN = 1¢.2% 12 .69 €.08
i wFCUP VARIAMCE = 1¢.4& €5 .2Y 1.62
! QUESTICK MIAN = v .59 9,52 5,22
i LUESTICN VAaIanCE = 7. le 12.28 1.2
i JISPLAY ~MEan = £.e2
| SISPLAY VARIaNCI = 1@.@3

Iz
¢

|
'
'
!

o ' B e S
- - — - em —- - - . . . — "




TABLz: V-i

MIah ANID VARIANCE Y GRCUP, QUZSTICN, DISPLaY, AND TREATMENT

FCLCCERCMATIC MTZS TISPLAY & &

! SUBJECT 1YPE ALLIGIANCT ECTH
' 1 47 .20 18.25 24,22
s 29 .29 29 .0 24.2¢
3 9.2¢ 21.¢¢ 2¢.2¢
f 4 19 .0¢ 22 .02 1£.86
< <4 20 28,20 22.2¢
6 17.¢¢ 15.75 18,¢¢
F GECUP MEAN = PR 2%.:5 22,17
3FCQUP VARIANCE = z2t&.87 £2.2% EL&7
7 8.0y 16.25 17.2¢
- 1¢.2¢ 14.59 14.0¢
v ce 2@ 17.7¢% 11.49
12 17 .¢¢ 19.25 16.2¢
11 15.2¢ 11.29 12.29
12 B¢ .00 16.290 11.0¢
GRGUP METAN = 22,17 15.82 12,87
GACUP VARIANCE = 2Q¢.5%7 7.7 €.27
2 24 .20 1&.7¢% 17.2¢
14 19.2¢ 18.¢¢ 12,00
| 5 17 .29 19.7% 11.20
% 1 11.¢9 21.28 11.22
! 17 37.0¢ 11.25 9,2¢
1 | 1& ly .90 14.29 2y .2y
! GRCUP MEAN = <1.17 14 .cb 158,24
f GROUP VARIANCE =  77.77 16 .44 54.40
{
1y 17 .00 1t.2%8 18,20
’ <0 52 .00 18 .7¢ 17.20
‘ . 21 11.0¢ 18.0¢ 1¢.¢¢
! 2z 12.20 17.7% 1.20
‘ [ 23 4y L0 22.25 1¢.2¢
L 24 <7 .0k 26,25 18,2¢
5 GECUP MEAN = Lt ,E3 1.21 18,67
i GBECUP VARIANCE =  Z&E.Y7 £1.81 12.67
' SUESTICK MEZAN = Z4.0¢ 18.79 16,12
i JLTSTICN VARIANCEL = 167 .48 41.0% 2%.5
! . TISPLAT METAN = 1Y .Ea
f 5ISPLAY VARIaNCE = BK ,E5




» TABLT V-j

MZAN ANLC VARIANCE BY GRCUP, QUESTICN, DISFLAY, AND IRIATMINT

ZISPLAY MEAN
CISPLAY VARIANCE

1£.4¢
32 .82

CCLCR #IGURATIVE (BLUEZ/OFEAnGE) TDISFLAY & 2

SLEJICT TYPE ALLEGIANCE BCTEH

1 £ .2k 13.25 11.2¢

; < ?.2¢ 14.2¢ 17.2¢

; 3 19.2¢ 2,25 12,40

; 4 19.€¢ 12.52 12.2¢

£ 13.89 .29 12.2¢

6 22 .0¢ Y.75 22,2«

? GROUP MEAN = PR 12.6% 14.5%

, GRCUP VARIANCE = 41.07 2.e2 22,87

7 11.¢¢ 12.25 14,27

& 11.¢¢ 14.25 15.2¢

g 12 .2y 14 .25 . .29

1¢ 12.¢¢ 15,25 15,¢¢

11 &3 .2¢ 1€ .4¢ 57.0¢

12 11.2¢ 24 .28 1€.2¢

SRCUP MEAN = 14,67 16 .27 18.¢¢

GEOUP VARIAMCE = £1.g7 18.39 yE. g2

12 19.¢¢ 1¢.78 22.00

? 14 11.0¢ 8,8¢ 5.¢¢

i 1% 11.2¢ y.25 12.020

; 16 15.2¢ 9Y.80 €.20

! 17 Y.08¢ 5.75 e.2¢

1& €.20 9.2b 1€.00

CECUP MEAN = 12.33 c.E 11.17

‘ GRCUP VARIANCE = € .E7 2,75 2,37

| 1y 19 .£0 £.0¢ £.00

22 £ .00 12 .28 €.20

21 1¢.2¢ 5.75 9,2¢

< €.¢¢ ?7.7% 12,00

P Y.20 14 .00 12.2¢

! 24 13.¢¢ 16.¢¢ 9.e¢

i GECUE MIAN = y.E7 12 .46 9. 53

! GRCUP VARI&NCE = 3.47 14 .29 Yy, &7

i SUESTICN MEAN = 12.¢¢ 11.99 .21

i SUESTICN VARIANCE =  &8.€5 17 .27 4y, 3y
|

i cx
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TABLE V-x

MEaN ANT VARIANCE BY GRCUP, QUESTICN, DISFLAY, ANT TRTATMENT

1 CCLOR !'TIS TISFLAY & 3
1 SUEJICT TYPE ALLEGIANCE EQTH
o 1 19.4¢ 15.25 1.0
. z c3.0¢ &.78 11.29
L 3 1€.¢¢ 12.75 21.2¢
; 4 4 k0 12.5¢ a2.29
; e 1€ .2¢ 13.7¢ Y.29
; & 123.¢¢ 11.5¢ 17.2¢
GCROLUP MEAN = 1E.83% 11.7% 14.52
GECUP VARIANCE = 17.37 3.38 28,12
' 7 21.2¢ 17.75 9.¢¢
g 19.2¢ & .2 £.2¢
9 lc .¢e 11.5¢ 9.2
12 21.¢¢ 11.25 1¢.0¢
11 14 .62 13.75 13.20¢
1z 12.0¢ 12.582 Y.0¢
TROUP MEAN =  16.5¢ 11.46 9,67
GROUP VARIANCE = 15.48 4.39 2,27
‘ 15 36.20 14.78% 11.2¢
s 14 <8.0¢ 1¢.75 10.¢2
: 1% 11 .69 19.25 12.0¢
| 1€ 14 .00 18.89 1€.2¢
: 17 9.¢¢ 12.¢¢ 6.2¢
' 18 20.20 23.50 12.00
GRCUP MIAN = Z0.0¢ 15.132 14.83
sRCUP VARIANCE = 125.2¢ 25 .82 1¢.57
f ‘ 1y £.0¢ 11.20 12.2¢
< 21.2¢ 19 .28 €.28
21 23.¢¢ 8,78 7.l
zz 1¢ .00 9.28 €.29
232 ¢ .20 18.7¢% 17.00
| 24 16.47 8.¢¢ 12.¢¢ 1
f GEOUF M EAN = 1E.458 11.2¢ o, 52
GROUP VARIAMNCE = o7 .&7 18 .88 17.47
JUESTION MEAN = 17.y2 12.33 11.7&
CUTSTICN VARIANCE =  44.7¢ 1&.47 1&.78
LISPLAY NME&N = 2.7
LISPLAY VARIANCE = 23.9¢
!
£d

-
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!
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TAELE V-1

MZAM AND VARIANCE EY GRCUP, QUESTICN, LISPLAY, AND TREATMENT

| COLCR rIGURATIVE (GRIEN/RED) CISFLAY # &
\ SURJZCT TYPE ALLIGTANCE BCTH
? 1 11.¢9 y.28 18.2¢
: 2 €.2¢ &.2¢ 12.2¢
; 2 16.¢¢ 8.¢¢ 7.2
g 4 1¢ .29 12.2¢ .22
3 2 12.2w 8.¢0 10.2¢
g 6 9.2¢ 8.¢¢ 12.¢4¢
i CROUP MEAN = 12 .88 g.87 12 .67
GECUP VARIANCE = 11.%% P &.E7
7 9.¢¢ 12.25 7.2¢
€ £.20 7.L0 7.22
Y 11.2¢ 9.2¢ 7.09
12 E.2¢ 9.78% E.2¢
11 12.22 £,7% 14.22
12 .29 12.8 12.2¢
GROGUP MEAN = €.83 9.71 £.82
GRCUF VARIANCE = .17 4 .69 7.77
12 11.2¢ §.50 12.2¢
14 g.¢¢ g£.25 g.2¢
i 1t 12.20 12 .89 €.00
' 1€ 7.2¢ 8.5¢ 11.2¢
f 17 9.0¢ 6.5¢ E.Q¢
18 »2.20 11.25 17.8¢ H
i GRCUP MEAN = 1¢.£2 6.3 Y.€7
wBOUP VARIAMNCE = ZZ.17 2.€4 17.¢7
‘ .
' 1y 1¢.20 Y 11.00
<2 Y.20 Y.00 S.292
21 6.¢¢ .25 7.l
zZ 9.2¢ 9.20 7.2¢
<2 15.29 14 .75 1€.20
s 11.2¢ 14.8 20 .¢¢
; GECUP ¥ AN = 12.2¢ 12 .5¢ 11.67
{ GRCUP VARIaNCE = c .0 10 .€3 27.87
SUZSTICN MEAN = 12.13 Y .48 12.21
JUISTICK VARLANCE = 11 .38 4 ,.9€ 14.52
CISPLAY MEAM = Y.94
DISPLAY VARIanCE = 12,79
~3"—’:3q..~.— -----




TABLL V-r
MZal ANT VARIANCI BY GRCUP, QUZESTICN, TISF¥LaY, AND TRIATMENT
»CL.CCEEOMATIC LIZS LISFLAY % 4

; SLRJEICT 1YPE ALLEGIANCE ECTH
1 11.20 25 .42 9.2x

: < 17 .29 17 .22 .22
3 2 11.2¢ 25,22 14.2¢
i & 3.0 &Y .LC 12.2¢
: £ X2 .22 2e.22 1.5
S 16.2¢ 22,32 11.2¢

: GECUF MIAN = 2.17 1Y.44 12,24
: SECUP VARIANCTE = 9<.B? EE.2 £.17
7 9.¢¢ X2z "L

£ £.20 11.32 £.2¢

9 14.2¢ 19.2¢ , 12.22

12 11.2¢ 15.4¢ £.2¢

11 16 .26 18 .2¢ Y. 8¢

1% 13 .2¢ 18.20 11.2¢

3RCUP MEAN = 1¢ .82 15.28 9,42

GECUP VARIANCE = 5.3 €.1€ .24

13 2.20 32 .E7 .20

| 14 1¢.¢2¢ 14 .€7 Y.5¢
! 1t 12.2¢ 28.38 11.2¢
' 1€ 15.2¢ y.e7 £.22
17 i¢.ee 15.22 11.5¢

1€ 16.2¢ 14 .4¢ £.2¢Q

GECUP MTAN = 1z €7 19 .94 G.5Q

' TRCUP VARIANCE = 5.27 45,71 2.2¢
1y Y.20 17 .20 £.0¢

<9 <l.2¢ 17.2¢ .02

21 9,.7¢ 15.33 E.¢¢

e 11.20 19 .€7 12.29¢

, 22 18.22 28,28 £1.29
; 4 24 .00 22 . ¢¢ 28,07

|

i GEQUP MEAMN = 14 .67 21.17 12.£3
GROUP VARIAaNCE = lE.E7 £3.1% 7,37

| JUZSTICN ~MEAN =  14.5€ 21.46 11.27
CUZSTION VARIANCE: =  4l2.82 54 .68 19.54

LISPLAY MEAN = 18,77
DISPLAY VARIANCE =  59.7

Prevs SR R R i il At
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TABLE V=-n
! ¥ZAM AND VARIANCE kY GECuP, QUESTICN, DISPLAY, AND TRIATMENT
CCLCR rIGURATIVE (BLUE,ORAMGE, CISFLaAY # 4

| SLEJICE TYEE ALLEGTANCE PCTH
[

? 1 12 .¢¢ 12.67 7.8
j % g.20 12.26 &.02
‘ z 8.0¢ 7.33 %8¢
f 4 12 .¢¢ 11.¢¢ £5.9¢
! & 12.2¢ 12 .20 7.2¢
: & 1€.2¢ 11.33 7.5¢
GROUP MEAN = 12.00 12 .£6 g€
GRCUP VARIANCE = 1%2.40 2. 07 44.14

: 7 18.2¢ 8.ey B.e¢
£ 1t .0 12.33 1€.50

o 12 .02 17.2¢ €.2¢

1¢ 2% .0y 16.67 17.0¢

11 15 .60 9.ee ?.00

12 31.02 21.20 1¢.¢5
5RCUP MEAn =  z1.5e 14.0¢ y.5¢

GROUP VARIAMCE = 185.59 26 .7k 17.8¢

13 ©4 .00 12.67 &,
14 €.22 6.67 ?.5¢

15 7.20 9 .67 €. 5

t 1¢ g.2¢ 32 2
| 17 7.¢¢ 8.57 4.5¢
1€ £ .00 11.33 €.5¢

GROUP MEAN = 14.89 v.26 €.17
GROUP VARIANCE = 44.3¢ 4.69 1.27

1y £.00 ?7.33 5,50

20 14.0¢ 7,67 €.00
21 7.0 7.¢¢ 4.5¢

gz .26 7.32 .00

23 12 .2u 9.E7 7.EQ
24 13.2¢ 9.67 7.2e
GHOUP MTAN = 1¢.17 £.11 €.42
GRCUP VARIANCE = ?.77 1.83 1.74

JUESTICN MEAN = 13.%4 12.43 7.92

CUESTION VARIANCE = £v.24 12 .26 1€.84

LISPLAY MIAN = 19.63
DISPLAY VARIANCE =  23.95

[




TABLE V-0
MEAN AND VARIANCE EY GRCUP, QUESTICN, DISPLAY, AND TRZATMENT
CCLCR NTDS ZISPLAY » 4

§ CIY v

e'?

SUBJECT TYPE ALLEGIANCE BOTH
1 15.¢¢ 8.67 7.20
b3 €.2¢ 8.€7 2.0¢
< 17 .¢¢ 8.¢¢ €.0¢
4 14 .0¢ g8.38 14.90¢
< 13.2¢ g.67 7.5¢
€ 22 .2k Y.E7 7.5¢
GROUP MEAN = 14 .t¢ €.t4 .28
GRCUP VAFIanMCE = <7 .2Y ¢.4t £.17
7 15.¢e 9,23 T.e¢

E E.¢¢ 7.2 €.29

g 11.2¢ 1£.€7 12.20

1¢ 14 .¢¢ 8.67 7.0¢

11 1€ .00 12 .60 11.¢¢

1z <l.2¢ 20.e0 12.20
GROUP MEAN = 14.17 12.11 e.5¢
GROLP VARIANCE = 19.77 24.1z 4.3¢
13 < .0¢ 12.23 E.20
14 11.7¢ 9.23 g.z2¢

15 11.0¢ 19.33 11.2¢

16 14.0¢ 18.33 12.59

17 18.¢e¢ 9.€67 €.2¢

1& <€ .00 11.20 7.5
GRCUP MIAN = 17.17 12.29 &.83
GRCUP VARIANCE = 29.77 11.64 5.87
1y 1z .20 9.33 €.00

<2 12.20 8.2 .20

21l Y.¢2¢ g.ee 6.¢¢

22 1¢.0¢ 14 .€7 Y.50

23 14.029 11.€7 7.29
24 15.¢0¢ 11.67 ?7.5¢
GROUP MEAN = 1 .20 12 .61 ?7.42
GRCUP VARIANCE = .20 6.48 l.9¢
SUIETICN MEAN = 14 .46 12.89 8,27
CUZSTICN VARIANCE = z3.5€ 11.12 4.70

DISPLAY XAN = 11.21
UISPLAY VARIANCE = 19.28



e 4 e i e

MEak AND VARIANCE EY GROUP, QUZSTICN,
COLOR #IGUPATIVE (GREEN/REL;
SUBRJECT TYPE A

1 1¢.2¢
2 € .49
2 11.7¢
4 IR
c 12.2¢
€ J.L¢
GROLP MEAN = 11.5¢
GRCUP VaRIANCE = 3¢ .79
7 g9.0%
1S €.k
] v.2¢
1¢ 8.0
1 Y.y
lc 11.290
GRCUP MEIAN = g.67
GECUP VARIANCE = < .67
12 1¢.2¢
14 18.¢¢
1c 1¢ .20
1€ 12 .¢¢
17 7.20
1& 15.92¢
GRCUP MEIAN = 11 .€7
GROUP VARIANCE = 16.27
1y 18 .¢9
zd 12.20
21 13.¢ce
zz 12 .2¢
<3 14 .29
24 13.¢¢
GRCUP MZaN = 15.20
GRCUP VARIANCE = 2 .49
QUTSTICN MEAN = 11.21
g.(.AI".‘«STICI‘\- ‘-iA.HI‘A.“ui = 14.‘035
LISPLAY MIAMN

TABLE V-p

CISPLAY VARIahCZ

DISFLAY, AND TREIATMENT

oISPLAY # 4
LLEGIANCE

9.7
18.¢¢

272

.o

Y .67
12.2¢

9

11
1€

14

15

18,

17

14
12
11
11
1<
le

TR
L]

.E7
.09

22
.E7
.20
.ce
€7

3
LR

017
.78

.02
e
.E7
.0¢

272

o W

E7

Je
.47

.67
.33
033
.2
e

LE7

33
.19
.21
.Y
.2E

24

ECTH

7.9
£.2¢
4.5¢
11.2¢
12.89
1¢.¢¢

E.u2
E.14

£.2¢
.00
7.20
€.¢0¢
c.5¢
12.22

7.17
12.97

18.2¢
€.5¢
7.50
€.2¢
£.5¢
7.50

8.5
22.3¢

10.29
€.29
4,5¢
£.9¢

14,252

12.5¢

8.32
12.74
e _r7

Teof

12.11




T

¥Zah aNL VARIANCE bY GRCUF,

SURJZCT

NP AN

GROLP MEAN
GECUP VaAPIaNCE

W m -2

1¢
11
12

GRCUP ™MEAN

GRCUF VAEIAKNCE

13
1<
1<
le
17
1t

GRCUP MIAN

sBPCUP VARIANCE

1y
<%
21
.-
b ys
<2
c&

GRCUP MIAN

<ECUP VARIANCE

JUZSTICH MEAN

"L (\’T ’f‘

.,A.-l

YAk LA

TARLE V-1q

QUEISTICN,

DISPLAY,

MCNCCERCMATIC NTZIS »IbPLAV F e

non

Lwvri

IYPF

le .26
17.2¢
1€.2¢
1€ .¢¢
z5.22
15.2¢

17.383
14.17

18 .8¢
E.ZY
1¢.2¢
Y.5¢
1¢.59
13.22

12.42
14 .84

c.be
15.¢e¢
1z.0¢€
1t .2¢
l¢.5¢
17.20

14.2¢
g.24

<?7.ce
1«.2%
1¢.5¢
1£.8¢
<£.89

18.5¢

1€ .83
44 .77
5.7y
24 .22
PLAY MIAN
PLAZ VARIaANCE

9.¢L
1.29
11.%¢
13.20
14.28¢
23.2¢

15.€7
22 .87

g.¢¢
9.2¢
11.2¢
11.2¢
?7.2¢
12.29

[40]

.82
.77

o

.Ci
.2¢
il
.20@
2
.20

H
ML =+ VM n

€7
€7

W 3

.2e
2¢
2
.2¢
.00
L2

[
T (A

NS
O b

17.¢¢
229 .24
11.7y
74.17

12.2%

89 .’.

AND TZZATMENT

BECTH

lz.0¢
1¢.2¢
12.87
12.€7
1£.e7
16,23

14.72

7.22
57
LE7
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~zab AND VanlanC:z EY GRCUP, CuESTICN,

(#3]
-
tr1
[
baf

Gy v (A

TRCUP
SEQUP

1o
la
it
1€
17
le

GRCUP
<2CUP

ly
22
21
yy3
€%

<4

GROUF
GRCUP
SUESTI

JUZISTION VARIALCE

AAT
ubuvp

(@]
3

MIAN
VaklahTZ

MZAN
VARIANCE

MEAN
VARIAMCE

M EAN
VAPIANCE
Ch MZANK

2IGURATIVE

r
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t
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.20
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1
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12,43
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1e.28
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MZIAN ANC

‘J'ARIJ\N Cx

TAELE

V-5

CCLCR NIDS
SUBRJZCT YYPT
1 le.5d
< O ANA
3 14.5¢
4 <4 .tk
ol 15.49
g 23.2¢
GRCUF MZIAN = ly.L&
GRCLP VaRlalhCE = ce .74
7 22 .5¢
& 123.2¢
Y <¢ .82
12 15.2¢
11 18.6¢
lc l1e .2¢
FRCUP MEAN = 16.33
GROUP VARIANCE = 5.77
12 34 .20
la 15.¢2¢
1s Lo oY
1€ 17 .89
17 15.¢¢
18 17 .80
GRCUP MEAN = <2 .17
SRCUP VARIANCE = 23 .47
1lye g.%
29 14 .00
21 8.5¢
<z 12.5¢
<Z 12.2¢
24 11.52
GROUP MZAN = 11.8¢
GRCUP VARIAMNCE = 6.1¢
QUZASTICN MTAN = 16.9¢
JUSSTICN VARIANCE = 4z 37
CTSPLAY MEAN
DISPLAY VARIaNCE

SUESTICN,

W ou

wv‘"‘*'w—a—-ﬁ«-vﬂ — V:

CISELAY, aND TEIATMINT
= £
ALLZGIANCE ECTH
g.2¢ £.24
4 .29 11.€7
6.¢Y 7.E7
H.2¢ E.&&
4 .09 12.€7
8.¢¢2 9,32
.22 Y.<8
¢.ER Z2.5€
6.2¢ e.67
6.0¢ 7.E7
£.2¢ T.E7
E.¢¢ 16.,2¢
4.2¢ 1¢.2¢
5.00 12.c?
5.3 172.45
1.77 1¢.91
7.00 1€.€7
5.¢¢ 17,33
5.00 1¢.290
19 .29 17.2¢
8.¢¢ ?.67
€.20 9.33
6.82 11.88
.77 15.86
5.00 7.E7
3.¢¢ €.2¢
A £.¢¢
5.00 12.4@
8.90 9.E7
g.2¢ &.867
£.¢ &.€7
g.o7 4,18
5.79 12.26
z.98 £.8¢
192 .9¢
2E.9¢

«
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BT GRCLP,

AELEL

V-1

wUZSTICN,

&

SCL0R :ICURALIVI LRIIN/REL)

SLUEJICT TYPX
1 11.582
< =.8¢
2 17 .8¢
4 iz .
= 11.2¢
| 1¢.5¢
FEQUF »~ZAN = 11.88
GHECUP VARIaNCE = 727
v 17 .2¢
£ ek EK
Y l1e.2¢
12 £.,5¢
11 14.¢2
12 12.2¢
FRCUP MEA = 14 .92
ECUF YARIANCE = z1 .54
13 11.82
1 12.2¢
o 1¢ .66
1¢ 11.5¢
17 12 B¢
1& 1¢ .22
GRCUP MIAN = 11 .42
JRCUP VARIANCE = 1.54
19 17 .S
zd 1€ .89
21 12.5¢
2 18 .50
23 1v.2¢
z& 1g.7¢
JECUL MIiN = 17 . 2€
CECUP Y aFIARCE = & .c4
SUZSTICH ¢ ZAa = 12 .E1
IUIESTICN TaARIANCE R 18,1y

CISYTLAY MTAN =

SISPLAY VARIaCE o=

DISFLAY,

AND TREATMENT

SFIAY 5 L

o1
LEGIANCE

T
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|

! MIAN AMD VARIANCE RBY CUISIICN, DISPLAY, AN. LRTATMENT

‘i

! LISPLAY # 1

)

i CRTATVENT TYD3I ATIZGIANCE  RBCTH

i MOWCCEROMATIC NTIS

' MIEN = 12.12 G.28 7.92
VARTANCE = 2,11 15.79 £.99

CCLCR tIGURATIVE (BLUE/ORANGE)

MTAN = £.78 5.79 £.5¢
YARTANCE = 24,04 4.54 £.17

' CCLCE NTIS

{

| ¥ ZAM = 1¢.71 5.94 7.18
: VARIANCE = la.91 Z.E€ 7.€5
CCLCE YIGURATIVE (GREEN/RED}

]
MTAN = 7.54 EL.YE L.EE
VaRIANCE = c.e8 z2.71 T.E€




TABLE VI-t¢

' MIAM AND VARIANCID £Y QUESTICM, DISPLAY, AND TREATMENT

TUZATMENT TYPE AILEGIANCE BCTH

YONCCERCMATIC NTIIS

MZal = 1€.24 la.21 7.4€
VARIANCE = ZE.C4 €& .27 11,91

CCLCR fIGURATIVE (BLUE/ORANGE)

" IAN = £.54 &.7€ E.4€
VAKIANCE = 12.7& 14.19 c.2e
CCLCR NTDS
!
! MTAN = 12.€7 Y.22 £.E8
YARIANCE = 12.73 7.88 4.E1

COLCR FIGURATIVE (GRIEIN/REID)

VEIAN = Y.CY v.€2 £.33
VAETANCE = .24 16 .22 1.z

)
of
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TABLE Vi-c
MIAM AND VARIANCE EY QUESTION, LISPLAY, AND TREATMENT

LISPLAY # ¢
TREATMENT TYFE AILEGIANCE 8CThH

MCNOCERCMATIC NTZIS

MIak = 24.22 1& .79 l€.12
VARIANCE = 1€7.4¢& 41.22 28.51

CCLCP +IGURATIVE (BLUE/CRAMNGE)

MTAN = 12.¢? 11.99 12,21
YARIANCE = L3, €8 17 .27 4y .59
CCLCR MNTLS
MZAN = 17.92 12.33 11.786
VARIANCE = 44,78 12.47 1€.76
COLOR FIGURATIVE (GREEIN/RED)
MTAN = 12.13 Yy .48 1¢.21
. VARIANCE = 11.23 4 ,9€ l14.52 {
ez
T .. e B it - it



TABLE VI-a

MEAN AND VARIANCZ BY CUESTICM, DISPLAY, AND TREATMEMT

cISPLAY # ¢

ety e e ———

LRIATMENT TYPE AILEGIANCE  BOTH

MORCCRECMATIC NTIS

7 MILN = 14.:8 £1.46 11.27
VARIANCE = z.g2 64 .€5 19.54
o CCLOE :IGURATIVE (BLUE/ORANGZ)
M ZAN = 13.54 12,43 7.92
VARIANCE = ty.¢4 12 .%€ 1€.64
CCLCR NTDS
MEAN = 14.4€ 12.89 8.27
VARIANCE = 23.t€ 11.12 4.70

COLCR FIGURATIVE (GREEN/RED)

11.21 11.21 £.37
14.28 11.29 12.11

MIAN
VARIANCE




o wm ey et -

MTAN AND VARIANCEZ BY CUZISTICN,

TRTATVENT

MTAN
VARIANCE

MIAN
VARIANCE

MZAN
VARIANCE

([’

TABLE VI-e

cISPLAY # &
TYPZ ALIZGIANCE
~ONCCERCMATIC NTLS

12.79 11.79
24.22 74.17

CCLCR FIGURATIVE (BLUE/CRANGE)

17.¢2 5.¢4

7t.02 2.3¢

CCLGR NTDS

1€.9¢ 5.75
42,37 .98
COLCR FIGURATIVE (GREIN/RED)
15.81 4.7y
13.1Y 2.52

g

CISPLAY, AND TREATMENT

BOTH

1z.87
14.€¢

O
[

1¢.¢6
E.80

Y.49
19.4€



TABLE VII

MEAN AND VARTANCE BY CUESTICN AND TREATMENT

TEEATMENT TYPE ALLEGIANCE BCTh

M~CNCCHROMATIC NTDS

FETAN = 18.61 19,1y 11.27
' VARIANCE = TE.11 .18 2¢ .48
CCLCR FIGURATIVE (BLUZ/CRANGE)
MIAN = 11.47 £.42 £.48
VARIANCE = 51.c4 15.86 22.54
COLOR MN1IIs
i MEAN = 14.73 .63 §.69
; VARIANCE = 32.24 14.32 11,3
!
CCLOR r1GURATIVE (GREEN/RED)
MTAN = 1¢2.48 g.22 7.8¢
VAXIANCE = 14.c€ 12.22

L{}
8§




eanit == : : P s = —
I |
|
i

TABLE VIII

MEAN aNu TARIANCE FY TEEATMEANT

| TREATMENT MEAN VARIANCE
! FMONCCEROMATIC NTDS 14.28 5y, &1
|

i COLUY FIGURATIVE (BIUE/CRANGE) y.62 32, 1€
i

' CCLCR NTLS 12.75 £7.46

CCLCR FIGURATIVE (GREEN/RZD) £.83 14.21
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APPENDIX B

CCMPUTER FRCGRAM TC CALCULATEI MEANS AND VARIANCES

This rrograem cslculetes means ana veriences
for n—-1 aqegrees ot treedonm.
real array.4,5,<4¢,%;,csum{4,5,4,3;,cxoar(&,5,4,3)
real cver{4,%,4,5),qsum(4,5,%),qxbar(4,5,3)
real gvar{(4,5,3),dxbar(4,5),dvar(4,%)
real txtar(4,3),tvari4,s)
rezl mxber(&),mvar(4)
real sur,csquare,first,secona
integer mcae,disp,subj,cues,grcup
Input data fror file called matrix.
d0 1¢ roae=1l,4
de 11 disp=1,c&
ac 12 subj=1,24
reaa(5,1)(arrays(rode,aisy,subj,ques), ques=1,3)
ccntinue
continue
continue
Calcuvlate the group means and variances.
140 41 moae=l,4
do 42 disp=1,5
dc 42 gues=1,3
sum=¢.d
do 44 sutj=1,24
sum = sum + array(mcde,disp,subj,ques)
it(subj .eq. €)csum(moae,aisp,l,ques)=sur
it(subj .eq. 6,cxbar{mode,aisp,1l,ques)=sum/6.¢
i¥{(suoj .eq. € sum=@.0¢
if(sub)} .eq. 1<)csum({mode,aisp,2,ques)=sum
it(subj .eq. lz)cxbar{rode,disp,2,ques)=sur/6.¢
{#¥(sunj .eq. 12)sum=@.¢
if(sub} .eq. 18)csum(mode,disp,3,ques)=sum
it(subl .eq. 1&)cxbar(moce,disp,3,ques)=sum/6.2
it(studj .eq. l&)sum=¢.d
if(subj .eq. 24)csum(mode,aisp,4,ques)=sum
it(subl .eq. 24)cxbar(rode,disp,4,ques)=sur/6.@
ccantlinve
continue
continue
contiauve
10 4Z roae=1,4
40 4€ cisp=1,5
dc 47 cues=1,2
csquare=¢.2
do 4€ sutj=1,5
“#{rst=arrayi{mcde,disp,sutj,ques)

141




48

secona=cxbar{mode,iisp,l,ques)
csquare=csquare + (tirst - secona)**<.2
ccotinue
cver{mode,aisp,1l,ques)=csquare/5.¢
csqyuare=¢,.¢

dc 4Y suvcj=7,1c
first=array(roae,disp,subj,ques)
second=cxtar(mroae,disp,2,5ues)
csquare=csauare + (first - second)*%¥Z2.¢
continue

cvar{rode,cisp,2,ques )=csquare/s.2
csquare=¢.2

d0 £€ sutj=13,1&
tirst=array(mroae,disg,subj,ques)
seccnd=cxtari{mecde,disp,3,ques)
csquare=csquare + (first — second)**z.Q
continue
cvar{mcde,disp,3,ques;=csqrare/5.¢
csquere=g¢ .2

do £1 subj=19Y,<4¢
*irst=array(mede,disp,subj,ques)
second=cxbhar(mode,aisp,4,ques)
csquare=csquare + (tirst - second)**2.2
centinve
cvar{mode,disp,4,ques)=csquare/5.9
continue

continue

continue

Calculate the question means and variances.
de tz mede=1,4

40 22 disp=1,&

do 54 gues=1,2

sum=90.2

a0 ££ group=1,4

sum = sum + csumr{moa€,disr,group,ques)
ccntinue

qsum(mode,disp,ques)=sum
qxbar(roae,disy,ques,;=sum/z4.d
csquare=y¢ .0

do £€ subdj=1l,z4
tirst=array(moae,disp,subj,ques)
second=qgxbar{mcde,disp,cues)
csquere=csquare + (first = second)**2.2
coatinue
qvar{mede,dicsp,cues)=csquare/z3.
continue

coatinue

continue

falculate the aisplay means ana variances.
do 87 moce=1,4

1¢ € disp=1,¢%

sum = .2

\_1




[#]

71
7e
€Y

74

dc &y gues=1,3
sum=sumr + gsum{mcde,d1isp,qLES)

continve

dxbar(roae,disy)=sunm/7z.9d

cscuare=¢.¢

10 €€ supj=l,c4

do €1 gues=1,3
¢“irst=array(mcde,disp,surj,ques)
cecord=axoer{mode,aisyp)

gsquare=scsquare =+ (trirst = second)*¥c.2
continuve

continue

avar(mroae,aisp,=csquare/71.2

centirue

contircte

Calcuvlate the treatrent rean & variance.

dc €t mccee=1,4

sum = ¢.4

do &% disp=1,5

dc €7 suti=l,z4

1¢ €& ques=1,2

sur=sum + array(rcde,aisp,subji,gues)

ccntinve

corntinue

contiaue

mxbar(meae)=sum/36¢ .2

cSqQuare=¢.?

do €9 disr=1,5

ic 72 susoj=1,24

10 71 ques=1,2
tirst=array(mode,aisp,subj,ques)
second=mxbar’/mcde)

csquere=csquare + (first - second)**2.9
continue

centinue

continue

mvar(mode)=csquare/3t9.¢

continue

Calculate the treatment/questio: reen & variance.
do 72 mode=1,4

do 73 ques=1,3

sum = 2.2

csgquare = 2.7

do V4 disp=1,t

sum = sur + qsur(rode,d1isp,ques)

continue

txtar{mcae,ques; = sum/12¢.¢

1¢ 7% aisp=1,¢&
do 7€ sutbj=1l,24
first=array’'mcee,disp, s
second=txoar(mode,ques)
csguare=csquare - {tirs
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1e¢
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ccntinue
continuve
tvar{moce,ques)=csyuare/119.2
centirnue
contiace
Cutput the catva.
dc 62 disp=1,5
10 €2 roae=1l,4
write(c¢,12%)
write(6,125)
write.c¢,159;
it(mode .eq. 1l)write(€,z)disy
i¥:mcde .eq. 2,write(6,3)disp
ifimode .eq. S)write(€,4)aisp
it(rode .eq. 4 write(€,E)d1isp
write(z,7; ,
ac €4 subi=1,2¢
write(s,8)sun},{array(rocee,aisg,sudbj,ques), ques=1,2%)
ifisutj .eq. 24,;#c tc 1@
if(subj .eq. le)go to 112
ir(sub; .eq. 12 8c 10 12¢
{¢{subj .eq. €,)2c tc 142
£€0 10 c4
write(6,<@;(cxoar(recce,aisg,1,ques), ques=1,3)
write(€,21)(cvar(mecde,disp,1l,ques;, ques=1,3)
g0 to €4
write(6,z¢)!cxcar(rode,dist,2,ques), ques=1,3)
write{(€,<1;(cvar{mede,disp,c,ques), ques=1,3)
g0 to €4
write(8,z¢)(cxbar(mroae,aisz,3,ques), ques=1,3)
write(€,z1)(cvar(mode,disp,3,ques), ques=1,3)
g0 to €4
write(6,2¢)(cxoar(rode,aisy,4,ques), ques=1,3)
write(&8,21)(cvar(mode,disp,4,ques), gques=1,2
continuve
write{s,«2)(qxvar(roae,disz,ques), ques=1,3)
write(€,z%)(avar;mcde,disp,ques), gues=1,3)
write(€,c4)axbaer(rode,aisp)
write(5,<5)avar(rode,atsg)
centinue
continue
do 77 disr=1,5
write(€,108);
write(€,126)
write(g,32)
write(6,53)disp
write(€,<4)
d0 7€ rocde=1,4
1¥{mecde .eq. l)write(€,3%,
if(moae .eq. <)write(€,Z€)
it(rode .eq. 3)write(s,37)
ir{mecae .eq. 4,write(€,28,

14
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write{€,%y)qxoar(rede,disg,ques), ques=1,5)
write(&,4¢j(qgvar(roae,aisg,ques), ques=1,3)
continue
continue
wrive(%,1¢5)
write{¢,127)
write(€,5¢v)
write(g,24)
dc Y9 mcce=1,4
it(mode .eq. l)write(€,28
it(mode .eq. 2,write(€,36)
irimecde .eq. S,write(€,37)
it(mode .eq. 4)write(€,2&)
write(5,39)(txbar(moae,ques), gues=1,3)
write(€,42)(tvar(mede,qtes;, ques=1,3)
coentinvue
write(€,1e5)
write(€,12€)
write(é.ké)
write(6,<7)
do 97 mecde=1,4
if(mode .eq. l)write(€,<&)rxvar(mroae),rvar(mode)
it(mode .eq. Z)write(6,29)mxbar(mrode),rvar{mode)
it{mcae .eq. 3)write(€,3¢4,mxbar(mecde),mvarimede)
if(mode .eq. 4)write(€,Z1)mxbar(mode),rvar(mode)
continue
step
formati3(f&.2))
tormat(‘1°,//,1x, "APPEINDIX F7,/)
tcrmat(lx, "TABLE V~,/
format(lx, “TARLE VI~,
tormat(lx, "TABLE VII~
Ycrmatilx, “TABLE VIII
tformat(1lx, "MEAN AND VA
DISPLAY, AND TREA
=TMENT,/;
format(1lx, "MONCCHROMATIC NTDS LISPLAY # “,i2)
torrmat(lx, "COLUR FIGURATIVE (BLUE/CRANGE) DISPLAY#,i2)
format{(1lx, "COLCR NTDS LISFLAY # “,iZ)
tormat(1x, "COLCR FIGURATIVE (GREEN/RED) DISPLAY #°,i2)
*crmat(lx, "SUBJECT",t24, "TYPE’,t28, "ALLEGIANCE “,t56,
‘BOTE’,/)
torrat(4x,i2,122,t7.2,138,t7.2,1584,t7.2)
Yormati/,lx, "GRCUP MEAN =",122,¢7.2,138,#7.2,154¢,¢7.2)
forrat(1lx, "GROUF VARIANCE="t2Z,f7.2136,f7.2154,f7.2,/)
torrat(lx, "QUESTICN MEAN ="t22,t7.2t38,t7.2154,t7.2)
fermat(ix, "QUESTION VAR =",t22,%7.2,t38,87.2,154,27.2)
torrat{.x, 'DISPLAY MEAN =7,t2%,f7.2)
comat({lx, "DISPLAY VARIANCE =7,122,t7.2)
forrat.///,1x, "MEAN AND VARIANCE BY TKEATMENT ,//)
torrat{/,1x, "TEEZATMENT ", t4d, ‘MEAN",150, "VARIANCE",/)
“ormat:s//,1x, "MCNCCERCMATIC MIDS’,t28,¢7.2,15¢,47.2)

)
/)
s/

RIANCE BY GROUP, CUESTION,

let




¢y formet.//,1x, CCLOR FIG (BLUE/ORANGE) "t3&f7.2150f7.2)
2 tormat{//,1x, CCLOR NTDS “t2&,t7.2,152,t7.2)

& *crmat.//,1x, "CCLOR rlG (GREEN/RED, "t2€,¢7.2,152,47.2)
X2 formatl(//,1x, MEAN ANIZ VERIANCZ BY CUESTICHM,

; DISPLAT, AND TREA

i BIMINT T, /7 )

X% format{/,1x, "DISPLAY #7,iZ)
24 +orrat{//,lx, TREATMENT "t33 1YPI 142 AILEGIANCE "tSE€ ECTH")
: 3 format(s//,1x, MCNOCKRCMATIC NTIS”)
; 2€ torrat(//,1x, COLCR FIGURATIVE (PLUZ/CRANGE)")
i g7 tcrmat(//,1x, CCLOR NTDS
&  formet{(//,1x, CCLCR FIGURATIVE (GREEN/RED) )
; 2 torrav(/,1x, "MEAN =",121,17.2,14Z ,£7.2,184,t7.2)
f 4¢ *crmatilx, "VARIANCE =7,1%1,87.2,143,¢7.2,154,¢7.2,/)
£¢¢ tormet(///.,1x, MEAN ANL VARIANCE BY

: CUESTICN AMD TREATMENT,//)
' end
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